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(54) TFT with an LDD structure and Its manufacturing mettiod 



(57) There is provided a semiconductor device 
including a semiconductor circuit formed by semicon- 
ductor elements having an LDD structure which has 
high reproduci3i!ity, improves the stability of TFTs and 
provides high productivity and a method for manufactur- 
ing the same. 



In order to achieve the object, the design of a sec* 
ond mask Is appropriately determined in accordance 
with requirements associated with the circuit configura- 
tion to make it possible to form a desired LDD region on 
both skies or one skf e of the charuiel formation region of 
aTFT 
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Description 

BACKGROUND OF THE INVENTION 
1. Reld of the tnvention 

[0001 ] The present invaition relates to a structure of 
a semiconductor device having a semiconductor circuit 
comprised of semiconductor elements such as insu- 
lated gate transistors and a method for manufactifing 
the same. More particularly, the invention relates to a 
structure of a semiconductor device having a semicon- 
ductor circuit comprised of semiconductor elements 
having an LDD structure formed of organic resin and a 
method for manufacturing the same. Semiconductor 
devices according to the invention include not only ele- 
ments such as thin film transistors (TFTs) and MOS 
transistors knit also displays having a semiconductor dr- 
curt and electro-optical devices such as image sensors 
formed by such insulated gate transistors. In adcfition. 
semiconductor devices according to the invention 
include electronic equipments loaded with such dis- 
plays and electro-optical devices. 

Description of R^^^t^ Art 

[0002] TFTs have been conventionally used as switch- 
ing elements of active matrix liquid crystal displays 
(hereinafter abbreviated to read "AMLCD"). The market 
Is currently dominated by products having circuits 
formed by TFTs utilizing an amorphous silicon film as 
an active layer. Particularly, a widely used TFT structure 
is the reverse staggered structure, which allows simple 
manufacturing steps. 

[0003] However, the accelerating trend toward AML- 

CDs with higher perlonmance in recent years has 
resulted in more severe requirements on the operational 
performance (especially, operating speed) of TFTs. It 
has therefae become difficult to provide elements hav- 
ing sufficient performance utilizing TFTs comprising 
amorphous siOoon films because of their operating 
speed. 

[0004] Under such drcumstances. TFTs utilizing poly- 
crystalline silicon films (polysQicon films) have come into 
focus in place of amorphous silicon films, which has sig- 
nificantly accelerated the development of TFTs utilizing 
a polycrystalline silicon film as an active layer. Pres- 
entiy, some products have already been introduced. 
[0005] Many reports have already been made on 
structures of reverse staggered TFTs utilizing a poly- 
crystalline silicon film as an active layer. However, con- 
ventional reverse staggered structures have had 
various problems. 

[0006] First, since an active layer as a whole 
employed in such structures is as very thin as about 50 
nm. impact ionization occurs at the junction between a 
channel formation region and a drain region, which 
results in significant deteriorating phenomena such as 



the inrplantation of hot carriers. This necessitates the 
formation of an LOD region (light doped drain region). 
[9007] tt is expected that at least eight masks are 
required (for processes up to the formatwn of source 

5 and drain electrodes) to form such an LDD region in a 
conventional reverse staggered TFT structure. 
[0008] As descrbed above, in a conventional reverse 
staggered TFT structure, an LOD region must be 
formed in a horizontal plane on both sides or one skie of 

10 a channel formation region, which makss it very difficult 
to form LDD regions with reproducibDity. 
[0009] tt is an object of the invention to provide a tech- 
raque for manufacturing semiconductor devices with 
high mass-productivity, reliability and reprodudbilHy 

IS tiirough very simple manufacturing steps. 

SUMMARY OF THE INVENTION 

[0010] Aocorcfng to a first aspect of the invention. 
20 tiiere is provUed a semiconductor device including a 
semiconductor circuit formed by semiconductor ele- 
ments, characterized in that it comprises: 

a gate tine provided on an irsulated surface: 
25 a gate insulating f Qm in contact witti tiie gate fine; 
a channel formation region provided on the gate 
line with the gate insulating film interposed therebe- 
tween; 

a low density impurity region in contact witti the 

30 channel formation regksn; 

a Ngh density impurity regksn in contact with the 
tow density impurity region; 
a protective film in contact with ttie channel forma- 
tion region; and 

35 organic resin doped witti a trivatent or pentavalent 
Impurity in contact with the protective film. 

[0011] According to a second aspect of ttie invention, 
ttiere is provided a semiconductor device including a 
40 semiconductor circuit formed by semiconductor ele- 
ments, characterized in ttiat it comprises: 

a gate !ine provided on an insulated surface; 
a gate insulating f 3m in contact with ttie gate fine; 
45 a channel formation region provkled on ttie gate 
line with the gate insulating film interposed therebe- 
tween; 

a low density impurity region provided on one side 
of the channel formation region; 
50 a drain regfon constituted by a first high density . 
impurity region in contact with ttie low density impu- 
rity region; 

a source region constituted tjy a second high den- 
sity impurity region provided on ttie other side of the 
55 channel formation region; 

a protective film in contact with the channel forma- 
tion region; and 

organic resin doped with a trivatent or pentavalent 
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tmpurit/ in contact with the protective f ttmt 

[0012] According to a third aspect of the invention, 
there is provided a semiconductor device induing a 
semiconductor circuit formed by semiconductor ele- 
ments, characterized in that it comprises: 

a gate 8ne provided on an insulated surface; 
a gate insulating f im in contact with the gate line; 
a charviel formation region provided on the gate 
line with the gate insulating f flm interposed therebe- 
tween: 

a first low density impurity region and a second low 
density inrpurity region in contact with the channel 
formation region; 

a high density impurity region on contact with the 
first low density impurity region and the second low 
density impurity region; 

a protective film in contact with the channel fonr^- 
tion region; and 
. organic resin doped with a trivalent or pentavalent 
impurity in contact with the protective fflm and in 
that the width of the first low density impurity region 
in the direction of the channel length is different 
from the width of the second \oh density impurity 
region in the direction of the channel length. 

[001 3] There is provided a configuration according to 
each of the above-described aspects, characterized in 
that the gate line has a single-layer or multi-layer struc- 
ture and is made of one kirxl of element selected from 
among tantalum, copper, chromium, aluminum, molyb- 
denum, titanium an6 silicon or a material primarily con- 
stituted by silicon doped with a p-type or n-type impurity. 
[0014] There is provided a configuration according to 
each of the above-descrbed aspects, characterized in 
tiiat the trivalent or pentavalent impurity is phosphorus 
or boron. 

[0015] There is provided a configuration according to 
each of the above-described aspects, characterized in 
tiiat the organic resin has photosensitivity. 
[0016] There is provided a configuration according to 
each of the above-descrtoed aspects, characterized in 
that the density of the trivalent or pentavalent impurity in 
the organic resin is 1 X 10^^ atoms/cm^ or more. 
[0017] There is provided a configuration according to 
each of the above-descrft^ed aspects, characterized in 
that a catalytic element for promoting the crystallization 
of sificon is included in the high density impurity region. 
[0018] It is also characteristic of the invention ttiat the 
catalytic element is at least one or a plurality of ele- 
ments selected from among fsG, Fe. Co, Pt. Cu and Au 
arxJ that the catalytic element is Qe or Pb. 
[001 9] In the context of the present specification, 'ini- 
tial semiconductor film" is a generic term for semicon- 
ductor films which typically means senruconductor f 9ms 
having amorphous properties, e.g.. amorphous semi- 
conductor films (amorphous silicon films and the like). 



amorphous semiconductor films including micro-crys- 
tais and micro-crystal semiconductor f Sms. Such semi- 
conductor films include Si f9ms. Qe films and compound 
semicorvfuctor filns (ag., SixGe^x (0<X<1) which is an 

5 amorphous sificon germanium film. V typncalty being in 
the range from 0.3 to 0.95. Such an initial semiconduc- 
tor f im can be formed using, for example, low pressure 
CVD. tiiennal CVD. PCVD. sputtering or the IBca 
[0020] In the context of the present specification, the 

TO term "crystalfine serrvconductor fOm" implies single 
crystal semiconductor films and semiconductor films 
including grain boundaries Onduding polycrystalline 
semiconductor f9m$ and micro-crystal semiconductor 
films) and dearly cfistinguishes them from serrucorxiuc- 

IS tors wHch are in an amorphous state bi its entirety 
(amorphous semiconductor fflms). When the tenm 
"semiconductor filnf is used in the present specifica- 
tion, it obviously implies not only crystalline semicon- 
ducta films bai also amorphous semiconductor f Oms. 

20 [0021] In the context of the present specification, the 
term "semiconductor element* implies switching ele- 
ments and memory elements, e.g., thin fBm transistors 
(TFT s) and ttiin film diodes (TFDs). 
[0022] A f irst method for manufacturing a semioonduc- 

25 tor device induding a semiconductor drcuit formed by 
semiconductor elements according to ttie invention is 
characterized in that it comprises; 

a first step of sequentially fonning a gate insulating 
30 fOm and an initial semioonductor film on an insu- 
lated surface having gate lines formed thereon such 
that they are stadod without being exposed to the 
atmosphere: 

a second step of crystallizing the initial semicon- 
35 ductor film by irradiating it with infrared light or ultra- 
violet light to form a crystalline semiconductor film 
and an oxide Um simultaneously; and 
a third step of covering a region to become a chan- 
nel formation region of the crystalline semioonduc- 
40 tor film with a mask and doping a region to become 
a source region or drain region of the crystalline 
semiconductor f 9m with tiie trivalent or pentavalent 
impurity element ttirough the oxide film 

45 [0023] The first method of manufacture descrtoed 
above is further characterized in that itconprises a step 
of retaining a catalytic element for promoting the crystal- 
lization of silicon in contact with the surface of the initial 
semiconductor film or within the film after the first step. 

50 [0024] According to the present Invention, ttiere is pro- 
vided a second method for manufacturing a seovcon- 
ductor derice including a semiconductor circuit formed 
by semioonductor element, characterized in that it com- 
prises the steps of: 

55 

sequentially forming a gate insulating f Dm. an initial 
semiconductor film and an insulating film on an 
insulated surface having gate lines formed ttiereon 
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such that they are stacked without being exposed to 
the atmosphere; 

crystalfizing the initial semiconductor f 3m t>y irradi- 
ating it with infrared light or ultraviolet light through 
the insulating film to form a crystalline semiconduc- s 
tor film; and 

covering a region to become a channel formation 
region of the crystalline semicorxf uctor film with a 
mask and doping a region to become a source 
region or drain region of the crystalline semicon- 10 
ductor film wfth a trivalent or pentavalent Impurity 
element through the insulating f Om. 

, [0025] The second method of manufacture descnbed 
above is further characterized in that the gate insulating is 
film. Initial semiconductor fSm and protective fOm are 
formed using different chambers. 
[00261 The second method of manufacture desabed 
above is further characterized in that the gate insulating 
film, initia] semiconductor fflm and protective fOm are 20 
formed using the same chamber. 
[0027] The second method of manufacture descnbed 
above is further characterized In that the gate insulating 
film and protective film are formed using a first chamber 
and the initial semiconductor film is formed using a sec- 2S 
ond chamber. 

[0028] The configuration of each of the methods for 
manufacture described above is characterized in that 
contaminants on the surface on which the initial semi- 
conductor film is to be formed are reduced using active 30 
hydrogen or a hydride. 

[0029] The configuration of each of the methods for 
manufacture desaibed above is characterized in that it 
comprises the step of forming a multi-layer f Om including 
a silicon nitride film as any of the layers as the gate insu- as 
lating film. 

[0030] The configuration of each of the methods for 
manufacture described above is characterized in that it 
comprises the step of forming a multi-tayer film including 
BOB (benzocyclobutene) as a part of the gate insulating 40 
film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] 4S 

Fig. 1 1s a sectional view showing an example of a 
structure of a semiconductor device according to a 
first emt3Cdiment of the inverrtion. 
Figs. 2A and 2B are plan views of a pixel matrix dr- so 
cuit and a CMOS circuit of the first embodiment. 
Rgs. 3A through 3F illustrate steps for manufactur- 
ing TFTs according to the first embodiment 
Rgs. 4A through 4E illustrate steps for manufactur- 
ing TFTs according to the first emtxxf iment 55 
Fig. 5 is a sectional view showing another example 
of a structure of a semiconductor device according 
to a fifth embodiment of the inventioa 
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Rg. 6 is a sectnnal view showing another example 
of a structure of a semiconductor deoce according 
to a sixth embodiment of the invention. 
Rgs. 7A and 7B are sectional views of an example 
of a pixel matrix circuit portion according to a sev- 
enth embo(£ment of the invention, and Rg. 70 is a 
plan view of the same. 

Rgs. 8A, SB and 80 are a circuit dia^am of an 
inverter, a plan view of the same and sectional 
views of examples of sectional structures of the 
same according to an eighth embodiment of the 
invention. 

Rg. 9 show a circuit diagram and a sectional struc- 
ture of a buffer circuit according to a nirrth emtxxfi- 
ment of the inventkMi. 

Rg. 10 fllustrates a configuration of a semiconduc- 
tor device Pquid crystal display) according to a 
tenth embodiment of the inventk>n. 
Rgs. 1 1 A through 1 1 F show examples of semicon- 
ductor devices (electronic equipments) according 
to a twelfth embodiment of the invention. 
Rgs. 12A through 12D show exarrples of semicon- 
ductor devices (electronic equipments) according 
to the twelfth embodiment of the invention. 
Rg. 13 Otustrates an example of a film fornung 
device according to the first embodiment. 

DETAILED DESCRIPTION OF P RFEREED EMBODI- 
MENTS 

[0032] Modes for can^ying out the invention having the 
above-deecrft>ed configurations will now be descrft)ed 
with reference to embodiment disclosed k>elow. 
[0033] A first embodment wf R now be described. A 
typical emtxxf iment of the present invention will now be 
descrO^ed with reference to Figs. 1 through 4. The 
present embodiment will be described with reference to 
a CMOS circuit that forms a part of a peripheral driving 
circuit portion and a pixel TFT that forms a part of a pixel 
matrix ctrcuit portion provkf ed on the same sut^strate. A 
descriptkin wilt be made with reference to Figs. 3 and 4 
on a method for manufacturing a semiconductor device 
including a semiconductor circuit formed by semicon- 
ductor elements accorcfing to the invention. 
[0034] A substrate 1 00 is first prepared. The substrate 
100 may be a glass substrate, a quartz substrate, an 
insulating substrate sucb as crystalline glass, a ceramic 
substrate, a stainless steel substrate, a metal (tantalum, 
tungsten, molybdenum or the like) substrate, a semi- 
conductor substrate, a plastic substrate (polyethylene 
terephtalate substrate) or the tike. In the present 
embodiment, a glass substrate (Coning 1737 having a 
distortion point at 667^) is used as the substrate 100. 
[0035] Next, an underiying film 101 is formed on the 
sUistrate 100. A silicon oxide film, a silicon nitride film, 
a silicon nitride oxide film (SiO^Ny) or a multi-layer con- 
sisting of such films may be used as the underlying f im 
101. The underlying fim 101 may have a thidgiess in 
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the range from 200 to 500 nm. In the present embodi- 
ment, a silicon nitride film having a thictaiess of 300 nm 
was formed as the und&lying film 101 to pr^ent oon* 
taminant from spreading from the glass substrata 
Although the present invention may be implemented 
without the underlying film, the underlying film is prefer- 
ably provided to achieve good TFT characteristics. 
[0036] A gate tine 102 having a single-layer or mutti- 
layer structure is formed (Fig. 3A). The gate line 102 
has a structure including at least one layer primarily 
constituted by silicon (Si), sOidde or the Gke doped with 
a conductive material or a semiconductor material. e.g.. 
aluminum (Al), tantalum (Ta). copper (Cu). niobium 
(Nb). hafnium (Hf); zirconium (Zr). titanium (T1). chro- 
mium (Cr) or a p-1Vpe or n-type impurity. In the present 
embodiment, the gate fine 102 has a multi-layer struc- 
ture constituted by a tantalum layer 102a having a tan- 
talum oxide layer 102b on the surface thereof. In the 
present errtxxliment, the gate line was formed by pat- 
terning a tantalum fSm and by oxicf zing the surface 
thereof through anodizadon thereafter. Tantalum Is a 
preferable material that causes less shift of the thresh- 
old of a TFT because its work function is dose to that of 
silicoa The gate line 102 used preferably has a thick- 
ness in the range from 10 to 1000 nra more preferably, 
in the range from 30 to 300 run. A step may be adopted 
to form an anodic film or insulating film only on the sur- 
face or upper surface of the gate line. In order to prevent 
impurities from spreading from the substrate and gate 
line to the gate insulating film during manufacture, a 
step may be added to form an insulatng film to cover 
the gate line and substrate. When a muRfslicity of gate 
lines are formed from a large sut^strate. at least one 
layer made of copper may be formed on the gate lines 
using plating or sputtering. Which is preferatile in reduc- 
ing the resistance of the line. 
[0037] Next a gate insulating f Om 103 and a semicon- 
ductor film 1 04 are sequentially formed into a muH^idty 
of layers without exposing them to the atmosphere (Rg. 
3B). While any means such as plasma CVD and sput- 
tering may be used to form them at this time, it is impor- 
tant to bfock them from the atmosphere in order to 
prevent any contaminant in the atmosphere from stick- 
ing to any layer interface. Active hydrogen or a hydride 
is pref erat)ly used on the surface on whuch the semicon- 
ductor film Is to be tomned immedately before the for- 
mation of the film in order to reduce contaminant. 
[0038] In the present embodiment, a silicon nitride 
oMe fOm having a thickness of 125 nm and an amor- 
phous siBcon film having a thickness of 50 nm were 
formed as the gate insulating fim 103 and semiconduc- 
tor film 104 respectively to into a multi-layer sfructure. 
Obviously, the thickness of each of the films is not lim- 
ited to the present embodiment and may be appropri- 
ately determined by a person who carries out the 
Invention. In the present embodiment, the nruhi-layer 
structure was formed bf using a multi-chamber (an 
apparatus as shown in Fig. 13) including a first chamber 



44 exclusively used to tonn the gate insulating f Qm and 
a second chamber 45 exclusively used to fbrm the sein- 
ioonductor film (an amorphous siTcon film in this case) 
and by moving the films through tiie chamt>ers without 
5 exposing them to the atmosphera The multi-layer struc- 
ture may also be formed using the same chamber with 
the reactive gas replaced. 

[0039] A silicon oxkJe film, a silicon nitride f9m, a sili- 
con nitride oxide f am (SiO^Ny). a multi-layer f am consist- 

10 ing of them or the Cka having a thickness in the range 
from 100 to 400 nm (typically in the range from 150 to 
250 nm) may be used as the gate insulating fBm 103. 
WhOe the present embodiment emptoys a single-layer 
insulating f9m as the gate insulating film, a multi-layer 

IS structure consistmg of tM, three or more layers may be 
used 

[0040] The semiconductor film 104 maybe an amor- 
phous sdioon film, an amorphous semiconducfor film 
Including mkroaystals, a mlcrocrystaOine semioonduc- 

20 tor fim, an anx>rphous germaniun fOm, an amorphous 
silicon gennanlum film expressed by SixGe^x (0<X<1) 
or a mufti-layer film consisting of them having a thick- 
ness in the range from 20 to 70 nm (typically in the 
range from 40 to 50 nm). 

25 [0041] When tiie state shown in Ftg. 3B is thus 
achieved, the semiconductor film 104 is inadiated with 
infrared light or uHravfolet light to be crystallized (herein- 
after ref ened to as "laser crystalGzatfon"). In tiie present 
embodment the irradiation witii infrared light or uHravi- 

30 olet Gght is carried out in the atmosphere, in oxygen or 
in an oxidizing atmosphere to form the oxide film 105 
simultaneously with the formation of the crystalline 
semiconductor film 106 through laser crystallization. 
When ultraviolet light is used tor the crystallization tech- 

35 nique, exdmer laser light or intense light generated by 
an ultraviolet lamp may be used. When infrared light is 
used, infrared laser light or intense light generated by 
an infrared lamp may be used. Exdmer laser light is 
shaped into linear beans to be used far irracGation 

40 accord ng to the present embodiment. Refening to irra- 
diating conditions, the pulse frequency is 150 Hz: tiie 
overlap ratio is in the range from 80 to 98 % (actually. 96 
% in the present embodiment): and the laser energy 
density is in the range from 100 to 500 mJ/cm^ and, 

46 preferably, in the range from 280 to 380 nrvi/cm^ (actu- 
ally, 350 mJ/cm^ in the present embodiment). Referring 
to conditions for laser crystallization (laser light wave- 
length, overlap ratio, irradiation intensity, pulse wkfth, 
repetitive frequency, irradiatfon time and the like) may 

so ibe appropriately detemined by the person who carries 
\>ut the invention in corskleration to the thickness of the 
semicorxluctor film 104. the sut^strate temperature and 
the I3ce. Depencfing on the concftions for laser crystalli- 
zation, the semiconductor f 3m may be crystaDized after 

55 being melted, and the semiconductor fQm may be ays- 
talfized in a sofid phase or in a state which is intermedi- 
ate between solid and liquid phases without being 
melted. Laser fight is continuously moved at a constant 
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speed to keep the overlap ratio constant in any region 
with variation of ±10 %. 

[0042] While laser crystallization is used as the crys- 
tallizing technique in the present ennbodimerrt. other 
well-known means such as solid state epitaxy with and s 
without a catalytic element. While an oxide film is 
formed simultaneously with laser crystallization accord- 
ing to the present emtxxiiment. a step may be empkiyed 
to fomi a thin insulating film (a silicon onde film, silicon 
nitride f im. sHicon nitride oxide film or the like) before or 
after the laser irradation or to perform laser crystalGza- 
tion in an inert atmosphere so as not to form an oxide 
film. 

[0043] The step shown in Fig. 3C may be foDowed by 
a step of selectively dopirig the channel formation 
region with an impurrty in order to control the threshold. 
[0044] Next the gate insulating film, crystalline semh 
conductor film and the oxide film are patterned to form 
an active layer 107 and a first protective film 108 (Fig. 
3D). The patterning may be carried out after a sul)se- 
quent step of doping with an impurity. 
[0045] Next a second protective film 1 09 constituted 
by a nitride film is formed on the entire surface of the 
substrate to protect the active layer (Fig. 3E). The sec- 
ond protective fflm 109 may be a silicon ojode film, sili- 
con nitride film, silicon nitride oodde film (SlOxNy) or a 
multi-layer film consisting of them having a thickness in 
the range from 3 to 200 nm (typically in the range from 
25 to 50 nm). A configuration excluding such a second 
protective film may be employed. 
[0046] A first mask (a resist mask in the present 
embodiment) 1 1 0a having a thickness in the range from 
1 to 3 ^m is then famed in contact with the second pro- 
tective film 109 over the gate line by means of exposure 
to light from the rear surface (Rg. 3F). Referring to the 
material for the first mask, a positive or negative type 
photosensitive organic material (ag.. photoresist pho- 
tosensitive polyimide or the like), organic resin (pdyim- 
ide. polyimide amide, polyamide or the like), a silicon 
oxide film, a silicon nitride film or silicon nitride oxide film 
(SiOxNy) may be used. 

[0047] The first mask may be formed by patterning an 
inorganic insulating film and leaving the patterning 
mask made of agaroc resin therefor as it is. and tfiis 
provides a multi-layer structure in wtiich the inorganic 
insulating film is the lower layer arxJ the organic resin is 
the upper layer. 

[0048] Since no mask is required for the formation of 
resist through exposutB to lig^ from the rear surface, 
the number of masks required for manufacture can be 
reduced. While the present embodiment has refen-ed to 
an example wherein the width of the first mask in the 
direction of the channel length is slightly smaller than 
the wkith of the gate trie because of wraparound of 
light they may be substantially the same, and a person 
who carries out the inventionmay change the width of 
the first mask in the drectlon of the channel length 
appropriately. 



[0049] The present spedTication is based on an 
assumption that the (Srection of departing from the sub- 
strate 100 is an ifTward dtrectk)n and the cfirection of 
approaching the sut>strate is a downward cfirection 
when the siisstrate 100 is cut in a plana perpend cular 
to the suriace thereof. 

[0050] Afirstlmpurityisaddedthroughthefirstprotec- 
tive film 108 and second protective film 109 using the 
first mask 1 1 0a to form a kiw density impurity region (n' 
•type region) 111 (Fig. 4A). The present errbodiment 
enrpbys phosphorus as the impurity to pravkie n^type 
conductivity which is adgusted such that ttie n*type 
region indicated t)y 1 1 1 has a phosphorus density in the 
range from 1 X 10^* to 1 X 10^^ atoms/bm^ on the basis 
of SIMS analysis. At this time, the first mask is doped 
with phosphorus to become a first mask 110b contain- 
ing a low density of phosphorus. 
[0051 ] Next a second mask (made of photosensitive 
polyimkle resin in the present emt>odiment) 113a hav- 
ing a thickness in the range from 1 to 3 pm is formed in 
contact witii the second protective fSm 109 or first mask 
110b of tiie n-channel type TFT (Fig. 48). Refening to 
the material fa the second masK a positive or negative 
type photosensitive organic material (e.g.. resist, photo- 
sensftive polyimide or the like), organic resin (polyirrvde. 
polyimide amide, poiyamkie or the like), a silicon oxkie 
film, a silicon nitride film or silicon nitrkle oxide fHm 
(SiOxNy) may be used. 

[0052] A second impurity is added to form a high den- 
sity impurity region (n Region) 114 tiirough the first pro- 
tective film 1 08 and second protective film 109 using the 
second mask 113a (Fig. 4C). In the present embodi- 
ment the second mask is patterned into a desired con- 
figuration to allow an LDD region to be formed with high 
controllability. In the present embodiment, an adjust- 
ment is made such tt^t the n^-type region indicated by 
114 has a phosphorus density in the range from 1 X 
10^° to 8 X 10^^ atoms/cm^ on tiie basis of SIMS analy- 
sis. A first mask 110c of ttie p-channel type TFT is 
doped with a high density of phosphorus. A second 
mask 113b Is simQarly doped witti a high density of 
phosphorus. A first mask 110b and a second mask 
113b at tiie channel formation region of ttte n-channel 
type TFT prevent tiie charviel formation region from 
being doped with phosphaus. 
[0053] The first and second steps of doping with impu- 
rities form an LDD structure. The boundary between the 
n'-type and n'*'-type regions is determined by the pattern 
of the second mask. The n'*^-(ype region 114 of the n- 
channel type TFT serves as a source or drain region, 
and the n'-type region serves as a low density impurity 
region (LOD region) 115. 

[0054] At tiie first and second steps of doping with 
impurities, the first masks 110b and 110c and the sec- 
ond mask 1 13b doped with phosphorus are darkened. 
A step may be added to darken the first masl^ and the 
second mask further. 

[0055] Next the n-diannel type TFT is covered with a 
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third mask 116 and is doped with a third irrpurity 
through the first and second protective films 108 and 
109. thereby formng a high density Impurity region (p- 
type region) 117 (Fig. 4D). In the present embedment 
boron is used as an impurity to provide p-type condt^- s 
tivHy. and the dose of boron is set such that the density 
of baon ions in the p-type region is greater than the 
density of the phosphorus ions added to the n*-type 
regon by a facta in the range from about 1 .3 to 2. A f irst 
mask llOd of the p-channel type TFT is doped with w 
boron at a high density. Simaarty, a third mask 116 is 
doped with boron. The first, second and third masks, 
i.e.. organic resin, include a trivalent impurity (boron in 
this embodiment) or a pentavalerrt irrpurity (phosphorus 
in this embodiment) at a density of 1 X 10**^ atoms/cm^ i$ 
or more. The p-type region 117 of the p-channel type 
TFT serves as a source or drain region. The region 
which has been doped with neither phosphorus ions nor 
boron ions becomes an intrinsic or substantially intrinsic 
channel forming region 1 12 to serve as a carrier moving 
path later. 

[0056] In the context of thQ present specification, an 
intrinsic region is a region wh^h does not include any 
impurity that can cause the Fernu level of silicon, and a 
substantially intrinsic region is a region in which elec- 
trons and holes are perfectly balanced to cause conduc- 
tivity types to cancel each other, i.e.. a region including 
an inpurily to provide the n-type or p-type conductivity 
at a density range In which threshoM control is possible 
(in the range from 1 X 10^® to 1 X 10^^ atoms/cm? on 
the basis of SIMS analysis) or a region which is inten- 
tionaDy doped with opposite conductivity type impurity 
to cause the conductivity types to cancel each other. 
[0057] The doping with the first through third impuri- 
ties may be carried out using well-known means such 
as ion implantation, plasma doping and laser doping. 
The doping conditions, dose, acceleration voltage and 
the like are adjusted such that a desired amount of 
impurity ions penetrate through the first protective film 
108 and the second protective film 109 to be added to a 
predetermined region of the active layer. 
[0058] Further, no contantinant especially baon 
enters the active layer from the atmosphere because 
impurities are implanted from above the second protec- 
tive film 109 at the first, second and third steps of doping 
with impurities. Since it is therefore possible to control 
the density of the impurities in the active layer, fluctua- 
tion of the threshold can be suppressed. 
[0059] After the high density impurity region 117 to 
serve as a source or drain region is thus formed, only 
the third mask 1 1 6 is selectively removed. The selective 
removing step may be implemented by using a material 
Afferent from that for the first and second masks for the 
third mask. The frst and second protective fOms 108 
and 109 serve as an etching stopper at this mask 
removing step. No contarnnant enters the crystalline 
semiconductor film especially the channel formation 
region 1 12 at this mask removing step because the first 



and second protective films have been fomned. 
[0060] A weO-known technk)ua. ag.. thennal anneal- 
ing or laser anneafing is then pertonrted to achieve the 
effect of activating the impurity in the source and drain 
regnns or the effect of recovering the crystal structure 
of the active layer which has been damaged at the dop- 
ing step. 

[0061] Rnally. a layer insulating fam 118 is fbmied 
wtiich is made of organic resin such as polyimkle. poly- 
imideamtde. polyamide or acryfic or constituted by a sil- 
icon oxide fim. a siioon nitride fim. a sOioon nitride 
Qxkie film (eqsressed by SiOxNy) or a multi-layer film 
consisting of them; contact holes are formed to expose 
the source and drain regions; and, thereafter, a metal 
film is fonmed and patterned to form metal lines 119 
through 123 in contact with the source and drain regions 
(Fig. 4E). This completes the manufacture of a CMOS 
circuit portion formed by n-channel type and p-channel 
TFTs and a pixel matrix circuit portion formed by n- 
channel type TFTs accorcfing to a nrade for canying out 
the inventioa 

[0062] A description wfll now be made with reference 
to Rg. 1 on a configuration of a semiconductor deface 
including a semiconductor drcuH utilizing semiconduc- 
tor elements formed according to the above^iescribed 
manufacture steps. In the present embodiment for sinrh 
pticfty. the illustration shows only a CMOS circuit portion 
forming a parX of a peripheral driving circuit portion and 
pixel TFTs (n-channel type TFTs) forming a part of a 
pixel matrix circuit portion on the same substrate. 
[0063] Figs. 2A and 2B are plan views associated with 
Fig. 1. In Figs. 2A and 26. the section cut along the dot- 
ted fine A-A* corresponds to the sectional structure of 
the pixel matrix circuit portion In Fig. 1. and the section 
cut afong the dotted fine B-B* corresponds to the sec- 
tional structure of the CMOS drcu'it portion in Fig. 1. 
The reference numbers used in Figs. 1. 2A and 2B are 
the same as those used in Figs. 3A through 3F and 
Figs. 4A ttvough 4E. For simplicity of illustration. Rgs. 
2A and 2B do not show the first and second masks. 
[0064] In Fig. 1 . all of the TFTs (thin film transistors) 
are formed on the underiying film 101 provided on the 
substrate 100. For the p-channel type TFT in the CMOS 
circuit, the gate line 102 is formed on tf^e underlying 
film, and the gate insulating film 103 is provided on the 
same. The p-type region 117 (source or drain region) 
and the channel formation regfon 112 are formed as 
active layers on the gate insulating film. The active lay- 
ers are protected by the first protective film 108 and the 
second protective film 109 which have the same pat- 
tern. Contact holes are formed on the first layer insulat- 
ing fOm 118 made of organic resin covering the second 
protective fBm 109 to connect the lines 119 and 120 to 
the p-type region 1 1 7. A second layer insulating fflm 125 
is formed thereon: an extraction line 126 is connected to 
the line 119 and a third layer instating film 129 Is 
formed thereon to cover the same. The first mask 1 lOd 
having fight bloddng properties Is formed on the second 
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protective fitm ever the channel tormation region to pro- 
tect the channel formation region from deterioratioa 
The first mask llOd is doped with a trivalent impurity 
(boron in the present embodiment) arvJ a pentavalent 
impurity (phosphorus in this embodiment) at a density 
of 1 X 10^^ atoms/cm' or nwa 
[0065] The n-channel type TFT 's formed with the n*- 
type regions 114 (soi^e or drain region) as active lay* 
ers. the channel lomiation region 112 and the n'-type 
region (U)D region) 115 between the n'*'-type region 
(drain region) and the channel formation region. The 
lines 120 and 121 are respectively formed in the drain 
region and source region among the n'*'-type regions 
1 14. and the lead Ikie 127 is further connected to the 
line 121. Its structure is substantially the same as that of 
the p-channel type TFT in regions other than the active 
layer. The first maste (110b and 110c) are formed at 
least on the second protective fQm over the channel for- 
mation region 112, and a second mask Il3b having 
light blocWng properties is formed on the second protec- 
tive film over the drain region which is one of the n'-type 
regions 11 4 to protect the channel fofrnatioii region and 
the n'-type regions from the deterioration of fight 
[00661 The n-channel type TFTs formed in the pixel 
matrix circuit have the same structure as that d the n- 
channel TFT of the CMOS circuit up to the region where 
the gale insulating film 103 is formed. In the n-channel 
type TFTs formed in the pixel matrix circuit, since dete- 
riorating phenomena such as hot carrier implantation 
can occur between the n'*'-type regions 114 and the 
channel formation regions 112 connected to the lines 
122 and 123. the n'-type regions (LOD regions) 1 15 are 
formed between the n*-type regions arxJ channel forma- 
tion regions corviected to the lines, and no n*-type 
region (LDD region) is provided between adjoining 
channel formation regions. The first and second masks 
used to fbmi the n'-type regions (LDD regksns) 1 1 5 are 
1^ as they are to be used as light-blocking films. The 
second layer insulating film 125 and a black mask 128 
are formed on the first layer insulating film 1 18 with the 
lines 122 and 123 formed thereon. The third layer insu- 
lating film 129 is formed thereon, and a pixel electrode 
130 constituted by a transparent conductive film made 
of ITD, Sn02 or the like Is connected to the same. The 
black mask covers the pixel TFTs and cooperates with 
the pixel electrode 130 to form an auxiliary capacity 
[0067] In the present embodiment since a resist mask 
is formed through exposure to llghl at the rear surface, a 
mask is prcvkJed over the gate line to reduce any 
capacity that the gale line forms with the lines. 
[0068] While a transmission type LCD is manufac- 
tired as an example in the present embodiment the 
invention is not Gmited thereto. Fiar example, a reflective 
metal material may be used as the material for the pixel 
electrode, and a reflection type LCD may be manufac- 
tured by changing the patterning of the pixel electrode 
or adding arxi deleting several steps appropriately 
[0069] While the gate lines of the pixel TFTs of the 



pbeel matrbc circuit have a double gate structure in the 
present errtecfiment. a miM-gate structure such as a 
triple gate structure may be used to reduce variation of 
the off-cun-ent A single gate structi^e may be used to 

5 improve the numerical apertura 

[0070] A secorx] emtxxfiment win now be descrbed. 
The present emtxxfiment is an example in which a crys* 
tafline semiconductor fOm Is obtained using a method 
cfifferent from that in the first embodiment In the present 

10 embodiment a step is added between the steps shown 
in Figs. 3B and 3C of the first emtxxfiment to cause a 
catalytic element for promoting crystallization to be car- 
ried on the entire surface of the semicorKtuctor flm or to 
be selectively canied. Since the present embodknent is 

15 substantially the same as the first embodiment in the 
basic configuration, the foOowing description will 
address only differences between them. 
[0071 ] The present embodiment is identical to the first 
embodiment if> to the step of forming the semioonduc- 

20 torfnm104(Fig.3B). 

[0072] According to the present errtxxjiment a cata- 
lytic element tor promoting the crystallization of silicon is 
introduced on the surface of the semiconductor fOm 
104. As the catalytic element for promoting the crystalfi- 

25 zation of silicon, one or a plurafity of elements selected 
from among Nl. Fe. Ca Pt Cu. Au and Qe are used. In 
the present enfoodiment Ni is used among the catalytic 
elements because of its high speed in spreading in an 
amorphous silicon film and its excellent crystalfinity. 

30 [0073] The introduction of the catalytic element is not 
limited to any particular locations, and the element is 
introduced on the entire surface of the amorphous sifi- 
con fHm or selectively on the surface by fomiing a mask 
appropriately. A step may be employed to introduce the 

35 catalytic element on the rear surface of the amorphous 
silicon film oc on both of the front and rear surfaces. 
[0074] There is no limitation on the method for Intro- 
dudng a catalytic element to the amorphous siGcon film 
as long as it allows the catalytic element to be put in 

40 contact with the surface of the amorphous sDicon film or 
It aDows the catalytic element to be retained in the amor- 
phous silioon fiba For example, it is possible to adopt 
sputtering. CVD. plasma processing. absorpUon, ion 
implantation or a method of applying a solutfon includ- 
es ing a catalytic element The method utilizing a solution 
is easy to implement and is advantageous in that the 
density of a catalytic element can be easily adjusted. 
Various salts may tDe used as the metallic salt, and usa- 
ble solvents other than water include alcohols, alde- 

50 hydes, ethers, other organic solvents or solvents 
obtained by mixing water and organic solvents. In the 
present errtxxjiment. the method of applying a solution 
is used to apply a solution including nickel in the range 
from 10 to 10000 ppm and, preferably, in the range from 

55 100 to 1O00O ppm (by weight). The dose must be 
adjusted appropriately in consideration to the thickness 
of the amaphous silioon fQm. The density of nickel in 
the amorphous sflicon film thus obtained is in the range 
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from 1 X 10^^ to 1 X 10^^ atoms/cm^. 
[0075] After a catalytic dement is introduced into the 
amorphous silicon film as descrtoed above, crystalliza- 
tion is conducted t>y inadtating the film with laser light to 
obtain a crystalline sifioon fflm. A heating step at a high 
temperature may te added in place of the irracfiation 
with laser light. A gettering step may be added to reduce 
the number of catalytic elements in the film. 
[0076] Subsequent steps provide a semiconductor 
device as shown in Fig. 1 accorcfing to the first embodi- 
ment. 

[0077] A third embodiment of the invention wiO now be 
desaibed. Ihe present invention is an example in which 
a crystalline semiconductor film is obtained using a 
method different from that for the first embodiment In 
the present embodiment relates to a method wherein 
laser beams are shaped into a rectangular or square 
configuration to perform a uniform laser crystallization 
process throughout an area in the range from several 
cm^ to several hundred cm? with Irradiation at one time, 
thereby providing a crystalline stlicon film. Since this 
entbodiment is substantially the same as the first 
embodiment in its basic configuration, the description 
will address only differences between them. 
[0078] According to the present embodiment irradia- 
tion is conducted with excimer laser light which is proc- 
essed into a planar configuration at the step shown in 
Fig. 3C. The laser light must be processed into a planar 
conftguration such that an area on the order of several 
tens cm^ (jpreferably 10 cm^ or more can be irradiated 
at a time. In order to anneal the irradiated surface as a 
whole with a desired laser energy density, a laser appa* 
ratus that provides output having total energy of 5 J or 
more and preferably 10 J or more is used. 
[0079] In this case, the energy density is in the range 
from 100 to 800 mJ/cnf . and the output pulse width is 
100 nsec. or more and is preferakily in the range from 
200 nsec. to 1 msec. A pulse width in the range from 
200 nsec. to 1 msec, can be achieved by connecting a 
plurality of laser devices and by operating the laser 
devices asynchronously to achieve a state of mixture of 
a plurality of pulses. 

[0080] The use of laser light having a planar beam 
configuration as In the present embodiment makes it 
possible to inadiate a large area with uniform laser light 
That is. the active layer will have uniform crystallinity On 
terms of also grain size and defect density), and varia- 
tion of electrical characteristics of TFTs can be reduced. 
[0081] The present embodiment can be easily com- 
bined with the first or second embodiment in flex3)ie 
modes of combination. 

[0082] A fourth entediment of the invention will now 
be descrbed. The present embodiment is an example 
wherein an insulating film arxl a crystalGna semiconduc- 
tor film are obtained using a method different from that 
of the first ennbodiment 

[0083] Aooorcfing to the present embodiment a silicon 
nitride oxide film having a thickness of 125 nm as a gate 



insulating fflm, an amorphous silicon film having a thick- 
ness of 50 nm as an irAial semioonductorfilm and a sil- 
icon nitride oxide film having a thickness of 15 nm as an 
insulating film are formed into a multi-layer configuration 

5 without being exposed to the atmosphera Obviously, 
the thidviess of each film is not limited to the present 
embedment and may be appropriately determined by a 
person wfio carries out the tnventioa A corrfiguration 
may also be employed in which a muftipiidty of layers 

TO are formed by replacing reactive gasses in the same 
chamber. Active hydrogen or a hydride is preferably 
used on the surface on which the film is to be formed 
before the initial semiconductor film is formed to reduce 
contaminant 

15 [0084] Thereafter, the Irvtial semiconductor film is irra- 
diated with infrared light or ultravfolet light to be crystal- 
lized (hereinafter refen-ed to as 'laser crystallization"). 
In the present ^ibodiment excimer laser Dght is 
shaped into linear beams to be used for irradiation. 

20 Refening to irradiating conditions, the pulse frequency 
is 1 50 Hz; the overiap ratio is in the range from 80 to 98 
% (96 % in the present embodiment); and the laser 
energy density is in the range from 100 to 500 mJ/cm^ 
and. preferably, in the range from 150 to 200 mJ/cm^ 

25 (175 mJ/cnf in the present embodiment). Referring to 
conditions for laser crystallization (laser light wave- 
length, overlap ratio, irradiation intensity, pulse wkith. 
repetitive frequency, irradiation time and the tike) may 
be appropriately determined by the person who carries 

30 out the invention in consideration to the thickness of the 
insulating film, the thickness of the initial semiconductor 
film, the 8iA>strate temperature and the tike. 
[0085] This step crystallizes the initial semk^nductor 
film to be transformed into a crystalline semkx>nductor 

35 film (a semiconductor film including crystals). In the 
context of the present embodiment, a crystalline semi- 
conductor film is a pdycrystaifine silicon film. At this 
step, no contaminant enters the initial semfconduclor 
film from the atmosphere because the laser light is pro- 

40 jected through the insulating film. That is. the initial sem- 
iconductor film can be crystallized with the interface of 
the irvtial semiconducta film kept dean. 
[0086] Thiis. substantially the same state as that 
shown in Rg. 3C is achieved. Subsequent steps (in Rg. 

4S 3D and later drawings) complete a semiconductor 
device as shown in Rg. 1 according to the first embodi- 
ment The present embodiment can be easOy combined 
with the first or third embodiment in flexible modes of 
combination. 

so [0087] A fifth emt)0diment of the invention will now be 
described. The present embodiment refers to an exam- 
ple of the manufacture of a TFT having a structure dif- 
ferent from that in the first embedment with reference to 
Rg. 5. Plan views of Rg. 5 will correspond to Rgs. 2A 

55 and 2B. 

[0088] According to the present embodiment, a multi- 
layer structure is provided in which an u^er layer is 
constituted by a plastic substrate as a substrate 500. sil- 
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icon nitride oxide (expressed by SO^Ny) as an underly- 
ing fBm 501 and a fOm made of a niateria) mainly 
composed of copper (Cu) as a gate fine and in which a 
lower layer is constituted by a film made of a material 
mainly composed of tantalum. 
[0089] Next a fttm made of an organic material, ag.. 
BOB (benzocydobutene) for flattening irregularities 
between regions having gate fmes and re^ons having 
no gate line is formed to a thidoiess in the range from 
lOOnmtol pm (preferably in the range from 500 to 800 
nm) as a first insulating fflm 503. This step must provkle 
a film thid^ess sufficient to flatten any step attributable 
to gate Gnes completely. Since a BOB fOm has a stgnifi- 
cant flattening effect it can provide a sufficient flatness 
with a not so large thidoiess. 
[0090] After the first insulating fDm 503 is formed, a 
second insulating film (silicon nitride oxide film) 504, an 
Initial semiconductor film (nvcrocrystaOine silicon film) 
and an insulating film (sOicon nitride oxide film) to sen^e 
as a protective film 509 are sequentially fomned into lay- 
ers without exposing them to the atmosphere. The 
nricrocrystalllne silicon f 9m is formed at a temperature in 
' the range from 80 to 300^ and preferably in the range 
from 1 40 to 200^0 and with silane gas diluted by hydro- 
gen (SiH4: H2 = 1:10 to 100) as the reactive gas. a gas 
pressure in the range from 0.1 to 10 Ton and discharge 
power in the range from 10 to 300 mW/cm^. Since the 
hydrogen density in the microcrystalline silicon film is 
low. the use of the same as the initial semiconductor film 
makes it possible to delete a themial process to reduce 
the hydrogen density. In the present embodiment, sepa- 
rate chambers exclusively used for the second insulat- 
ing film, initial semicortductor film and protective film are 
prepared, and the films are continuously formed whQe 
the substrate is moved through the chambers without 
being exposed to the atmosphera The insulating film 
and semiconductor film thus formed continuously are 
flat because they are formed on the flat surfaca 
[0091 ] Then, exdmer laser light is projected upon the 
protective fSm to modify the semiconductor film into a 
semiconductor film induding crystals (polycrystalline 
silicon film). Conditions for this laser crystaOizafon may 
be the same as those in the fourth embodiment At this 
time, since the semiconductor film is flat a polycrystal- 
line siGcon film having a unifcs-m grain size can be 
obtained. Intense light ag., FTTA or RTP may be used 
for irradiation instead of laser light 
[0092] Since a BCB film which can be easily flattened 
is used as the first insulating film 503. a semiconductor 
film having a flat surface can be provided. This makes it 
possible to maintain uniform crystallinity throughout the 
semiconductor film 

[0093] Subsequent steps complete a semiconductor 
device as shown in. for example. Rg. 5 according to the 
first embodiment although there is a slight difference in 
the design of the second mask. 
[0094] Referring to Fig. 5. all TFTs (ttiin film transis- 
tors) are fomied on an underlying layer 501 provided on 



a stbstrate 500. For a p-channel type TFT of a CMOS 
drcuit, gate lines 502a and 502b are formed on the 
underlying layer, and a first insulating flm 503 and a 
second insulating film 504 made of BCB are provided 
5 thereon. A p-type regnn 508 (source or drain region) 
and a channel formation region 505 as active layers are 
fomied on ttte second insulating film. The active layers 
are protected by a protective fflm 509 having the same 
oonfiguratnn. A contact hole is formed through a first 
fo layer insulating film 510 covering the protective fOm 509 
to connect fines 51 1 and 512 to the p-type region 508. A 
second layer insulating film 516 is further formed ther- 
eon; an extraction rme 51 7 is connected to the line 51 1 ; 
and a tturd layer insulating fflm 520 is fonned to cover 
IS the sama A first mask having light blocking properties is 
fonned at least on ttie protective film over the channel 
formation region to protect the diannel formation regfon 
from deterioratfon attributable to light. 
[0095] Referring to then-channel type TFT, an n^-type 
20 region 507 (source or drain region), channel formatfon 
region 505 and an n'-type region 506 between the n*- 
type region and channel formation region are formed as 
active layers. The n*-type region 507 is formed with 
lines 512 and 513. and an extraction line 518 is con- 
25 nected to ttie line 51 3. Regions ottier than the active lay- 
ers have sut>stantially the same structore as that of the 
p-channel TFT. A first mask having light blocking prop- 
erties is formed at least on the protective film over the 
channel fomfiation region 505 and a second nnask is 
30 formed on the protective film over the n'-type region 506 
to protect the channel fonnation region and n'-type 
region from deterioration attributable to light 
[0096] Referring to n-channel type TFTs formed in the 
pixel matrix drcuit. lines 514 and 515 are connected to 
35 n^-type regions 507. and a second layer insulating film 
516 and a black mask 519 are formed thereoa The 
black mask covers the pixel TFTs and forms an auxiliary 
capacity in cooperation with the line 515. Further, a third 
layer insulating film 520 is fomied therein, and a pixel 
40 eledrode 521 constituted by a transparent conductive 
f Om such as ITO is connected thereto. 
[0097] The pixel matrix circuit of the present emtKxfi- 
ment has a TFT structure in which a line capacity gen- 
erated between the gate line 502 and the lines 514 and 
45 '515 Is reduced by the first and second maste. Accord- 
ing to the embodiment, a capacity between tines is 
reduced not only in the pixel matrix drcuit but also in 
other regions by the masks are provfoed over the gate 
line because the resist maste are formed through expo- 
50 sure to light at the rear surface. 

[0098] TFTs manufactured according to the present 
embodiment exhibit electrical characteristics with less 
variation. The present embodiment can be combined 
with the first, second, third or fourth embodiment 
55 [0099] A sixth embodiment of the present invention 
will now be descn'bed. in the present embodiment a 
descriptfon will be made with reference to Ftg. 6 on an 
example of the manufacture of a TFT having a structure 
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differem from that in the first errtbocfiment. The configu- 
ration of the CMOS ctrcuit wiQ be described only in 
areas of dfference because it is substantially the same 
as that in the first eirbodment Ran views of Fig. 6 cor- 
respond to Figs. 2A and 2B. 
[0100] The present enibodiment is the sanie as the 
first embodiment up to the formation of a glass sub* 
strate as a substrate, a silicon nitride oxide film (SiOxNy) 
as an urxiertying film and a gate line. 
[0101] According to the present embodiment, a first 
insulating film 601 is then selectively formed in the pixel 
matrix circuit 

[0102] Thereafter, a second insulating film (which cor- 
responds to the gate insulating film in the first embodi- 
ment) and an initial semiconductor f Om are sequentially 
formed into a multiplicity of layers without exposing 
them to the atmosphere just as in the first embodiment 
In the present embodiment a silicon nitride oxide film 
having a thickness in the range from 10 to 100 nm as a 
second insulating film 602 and an annorphous silicon 
film having a thickness of 50 nm as an initial semicon- 
ductor film are fonned into a rnultiplictty of layers using 
plasma CVD in the same charnber with a high degree of 
vacuum maintained therein. Obviously, the thickness of 
each of the f Sms is not linked to the present embodi- 
ment and may be appropriately determined by a person 
who carries out the invention. According to the present 
embodiment the gate insulating films (first insulating 
film 601 and second insulating film 602) of the pixel 
matrix drcurt are formed to provide a total thickness in 
the range from 100 to 300 nm. 
[0103] Desaiption will be omitted for the CMOS circuit 
in Fig. 6 because it has substantially the same configu- 
ration as that in the first embodiment The n-channel 
type TFTs fomned in the pixel matrix circuit have sub- 
stantially the same as those in Fig. 1 according to the 
first erriiodiment except that the gate insulating f Qm has 
a two*tayer structure (first insulating film 601 and sec- 
ond insulating film 602). By selectively increasing the 
thickness of the gate insulating fflms as described 
above, reliability of circuits which must have a high with- 
stand voltage (pixel matrix ctrcuit. buffer circuit and the 
like) is improved. 

[0104] The pixel matrix circuit of the present embodi- 
ment has a TFT structure in which a line capacity gen- 
erated between the gate fine and other lines is reduced 
by a first and second masks just as in the first embodi- 
ment. According to the embodiment a capacity 
between lines is reduced not only in the pixel matrix cir- 
cuit but also in other regions by the masks are provided 
over the gate line because the resist masks are formed 
through exposure to light at the rear surfeca 
[0105] TFTs manufactured according to the present 
entxxliment exhhh electncal characteristics with less 
variation. The present embodment can be combined 
with any of the first through fifth embodiments. 
[0106] A seventh embodiment of the present invention 
will now be descrbed. In the present embodiment, a 



descrqation w9l be made with reference to Rgs. 7A. 78 
and 70 on an example of the manufacture of a pixel 
matrix circuit portion having a structure different from 
that in the first eirbocfiment While the gate lines of the 
5 pixel TFTs in the pixel matrix drcut portion of the first 
embocfiment have a double gate structure, the present 
embodment refers to an example wherein a triple gate 
structure is employed to reduce variation of the off-ov- 
rent 

10 [0107] Fig. 7C is a plan view showing an example of 
the trple gate structure. Fig. 7A shows an example of 
the section taken along the dotted line A-A' In Rg. 70. 
[0108] In Fig. 7A, 701 represents an n'-type region 
(LDD region): 702 represents gate lines: 703 represents 

75 an n'^-type region: 704 and 705 represent lines: 706 
represents a black mask: 707 r^esents a pixel elec- 
trode: 708 and 709 represent layer insulating films: and 
710 represents a second mask. This configuration is 
characterized in that the LDD region (with a wxlth in the 

20 direction of the channel length in the range from 0.5 to 3 
^m, typically in the range from 1 to 2 pm) is provided 
only in a region where it is required. According to the 
prior art. especially the self-alignment mettiod. unnec- 
essary LDD regions have been formed between adjoin- 

25 ing channel formation regions. 

[01 09] The present embodiment may be formed as an 
application of the first eni>odiment The sectional struc* 
ture shown in Fig. 7A especially the n'-type region (LDD 
regk)n} and n'^-type region can be easily formed by 

30 modifying the pattem of the second mask of the first 
embodiment 

[0110] Further, the use of a pattern of the second 
mask different from that in Fig. 7A makes It possible to 
obtain a different with of the LDD region as shown in 

35 Fig. 78 without any increase in the number of steps. Fig. 
78 Is substantially the same as Fig. 7A except that a 
first n'-type region 722 having a greater wkfth in the 
direction of the channel length of the LDD region and a 
second n'-type region 721 having a smaller width in the 

40 direction of the channel length of the LDD region are 
selectively formed. The wkJth of the first n'-type region 
722 in the direction of the channel length Is in the range 
from 0.5 to 3 pm and typically in the range from 1 to 2 
^m. and the width of the second n'-type region 721 in 

45 the direction of the channel length is in the range from 
0.3 to 2 pm and typcally in the range from 0.3 to 0.7 pm. 
The width of each of the n'-type regions in the direction 
of the channel length can be freely adjusted by the 
design of the mask. Therefore, the widths of the n'-type 

50 regions in the direction of the channel length may be 
appropriately determined by a person who carries out 
the invention depencfing on requirements associated 
with the circuit configuration. 

[0111] TFTs manufactured accord ng to the present 
55 embodiment exNbit electrical characteristics with less 
variaton. The present embodiment can be combined 
with any of the first through sixth embodiments. 
[01 12] An eighth embodiment of the present invention 
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wilt now be described. In the present embodiment a 
description will be made with reference to Figs. 8A, 8B 
and 8C on an example of the circuit conTiguration of the 
CMOS circuit (inverter ctrcuit) shown in the First embod- 
iment. Terminal portions a. b. c and d in the inverter cir- 
cuit diagram and the plan view of the inverter ctrcuit in 
Fig. 6A oon'espond to each other. 
[0113] The sectional structure along the fine A-A* of 
the inverter circuit in Fig. 8A is the same as that shown 
in Fig. 1. Therefore, the structure shown in Fig. 8A can 
be provided according to the f irst embodiment This dr- 
cuit is formed by gate lines 801. a source electrode 802 
of a p-channel type TFT a source electrode 803 of an rh 
chanr>el type TFT and a common drain electrode 804. 
[0114] Rg. 8B shows a sectionaJ structure of the 
inverter drcurt different from the sectional structure 
along the line A-A' in Fig. 8A. To provide the structure 
shown in Rg. 8B. the pattern of a second mask 810 as 
in the first embodiment is modified to form a second 
mask 820 also in the p-channel type TFT, theret}y form- 
ing a p*-type region 822 doped with boron at a low den- 
sity and an n'-type region 821. A mask for acNeving a 
lew boron density is required to provide the structure 
shown in Rg. 88. 

[0115] Rg. 8C shows a sectional structure of the 
inverter circuit (Afferent from the sectional structure 
along the line A-A' in Fig. 8A. To provide the structure 
shown in Rg. 8C. the pattern of the second mask 810 as 
in the first embodiment is modified to form a second 
mask 840, thereby forming n'-type regions 841 on both 
sides of the channel formation region. The width of each 
of the n'-type regions in the direction of the channel 
length can be freely adjusted through designing of the 
mask. Therefore, the wkfth of the n'-type regions in the 
direction of the channel length may be appropriately 
determined by a p&son who carries out the invention 
accading to requirements associated with the circuit 
configuration. Gate lines 831 are patterned after form- 
ing a tantalum film and thereafter forming an anodic film 
on the surface thereof to reduce the number of masks. 
[0116] The structures shown in Figs. 8A and 88 can 
be simultaneously fabricated on the same substrate 
without increasing the number of steps. The present 
invention makes it possible to form n'-type regfons or p' 
-type regions having vartous widths (in the direction of 
the channel length) on the same sutistrate. For exam- 
ple, it is possible to simultaneously fabricate a Tf=T hav- 
ing an n'-type regions on both sides of the channel 
formation region, a TFT having an n'type region on one 
side of the channel formation region, a TFT having n'- 
type regions with different widths in the direction of the 
charviel length on both sides of the channel formation 
region, a TFT having no n'type region on both sides of 
the channel formation region and the like on the same 
substrate without increasing the number of steps. 
[0117] The present embodiment may be combined 
with any one of the first through sixth ennbocf ments. 
[0118] A ninth embodiment of the present invention 



wQl now be described. In the present embocfiment a 
description will be made with reference to Fig. 9 on an 
example of a conTiguration of a buffer circuit utilizing 
bottom-gate type TFTs shown in the first through sixth 
5 embodiniefits. The CMOS circuit is formed as a comple- 
mentary combinatfon of an n-channe( type TFT and a p- 
channel type TFT formed on the same substrate. Termi- 
nal portions a. b, c and d in the buffer drcuit diagram 
and the sectional structure view of the buffer drcuit n 
10 Rg. 9 correspond to each other. 

[0119] In the buffer circuit as illustrated, an n'-type 
region is preferably formed at least one side (the side of 
an output line terminal b) of the channel formatfon 
region of the n-channel type TFT. To obtain the structure 
IS shown in Rg. 9, the pattern of the second mask 1 13 of 
the first embodiment is modified to form a second mask 
910, thereby forming an n*-type region 901 on one side 
of the channel formation region. 
[0120] The present embodiment can be combined 
20 with any one of the first through sucth embodiments. 
[0121] A tenth emt>odiment of the presem invention 
win now be desaibed. In the present embodiment, an 
example of a Ikfuid crystal display manufactured 
according to the invention wiO be descr'it>ed with refor- 
ms ence to Rg. 10. Detailed description will be omitted for 
the method of manufacturing the pixel TFTs (pixel 
switching elements) and the step for ceO assembly 
because they may be carried out using well-known 
means. 

30 [0122] In Rg. 10. 1000 represents a substrate having 
an insulated surface (a glass substrate having a silicon 
oxide film provided thereon); 1001 represents a pixel 
matrix drcuit; 1002 represents a scan line c^ng cir- 
cuit; 1003 represents a signal line driving circuit 1030 

35 represents a counter substrate; 1010 represents an 
FPC (flexible printed circuiQ; and 1020 represents a 
logic circuit The logic circuit 1 020 may be fomied as a 
circuit such as a D-A converter, gamma correction cir- 
cuit or signal division circuit having functions which have 

40 been conventionally sut3stituted by an IC. Obviously, an 
IC chip may be provided on the sut)Strate to perform sig- 
nal processing on the IC chip. 
[0123] While the present embodiment refers to a liquid 
crystal display as an example, the present invention 

45 may otiviously be applied to any active matrix type dis- 
play such as an EL (electro-luminescence) display or 
EC (electro-chromics) display 
[0124] The present invention may be applied to the 
manufacture of any liquid crystal display whether it is of 

so the transmission type or reflection type. A person who 
carries out the invention may choose eitiier of them at 
Ns or her own choice. Thus, the invention may be any 
active matrix type electro-optical dmce (semiconductor 
device). 

55 [0125] The configuration of any of the first through 
ninth embodiments may be used to manufacture a sem- 
iconductor device as desabed in the present embodi- 
ment arxl any .combination of those embodiments nruy 
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be used. 

[0126] An eleventh eni)odiment of the invention w91 
now be descrbed. The invention ma/ be appfied to con- 
ventional IC techniques in general That ie, the invention 
may be applied to aQ eemicondiictor circuits ctrrentty 
available on the market. For example, it may be applied 
to miaopn>cessors such as RISC processors and ASIC 
processors integrated on one chip and may be applied 
to signal processing circuits represented by driver cir- 
cuits for liquid crystal (D-A conv^ers. gamma conec- 
tion circuits, signa) dvision drcutts and the I to) and to 
high frequency circuits for portable devices (potable tel- 
ephones. PHS and mobile computers). 
[0127] Semiconductor circuits such as rracroproces- 
sors are loaded on various electronic equipments to 
function as a key circuit Typical electronic equipment 
include personal computers, personal cfigitat assistants 
and aO other electronic equipment for home use. Com- 
puters for controlling vehicles (automobiles, trains and 
the like) are also included. The invention maybe applied 
to semiconductor devices tor such purposes. 
[0128] The configuration, of any of the first through 
ninth embodiments may be used to manufacture a sem^ 
iconductor device as descrbed in the present enbodl- 
ment, and any combination of those emtxxliments may 
be used. 

[0129] A twelfth embodiment of the invention will now 
be described. A CMOS circuit and a pixel matrix circuit 
formed according to the invention may be used in vari- 
ous electro-optical devices (active matrix type liqoki 
crystal displays, active matrix type EL displays and 
active matrix type EC displays). That is. the invention 
may be applied to any electronic equipment incorporat- 
ing such electro-optical devices as display media. 
[01 30] Such electronic equipments include video cam- 
eras, digital cameras, (rear type or front type) projec- 
tors, head-mount displays (goggle type displays), car 
navigation systems, personal conrputers and personal 
digital assistants (mobile computers, portable tele- 
phones, electronic books and the like). Rgs. 11 A 
through 11 F and Figs. 12A through 1 2D show examples 
of such devices. 

[01 31 ] Fig. 1 1 A shows a personal computer which is 
formed by a main body 2001. an image input portion 
2002. a display 2003 and a keytioand 2004. The inven- 
tion may be applied to the image input portion 2002, dis- 
play 2003 and other signal control circuits. 
[0132] Fig. 11B shows a video camera which Is 
formed by a main body 2101. a display 2102, an audio 
input portion 2103, operation switches 2104. a t>attery 
2105 and an image receiving portfon 2106. The inven- 
tion may be applied to the display 2102. audio input por- 
tion 2103 and other signal control drcuits. 
[0133] Fig. lie shows a motxle computer which is 
formed by a main body 2201 . a camera portion 2202, an 
image receiving portion 2203. operation switches 2204 
and a display 2205. The invention may be applied to the 
display 2205 and other signal control circuits. 



[0134] Fig. 1 1D shows a goggle type display which is 
formed by a main txxty 2301 . a display 2302 arxJ an arm 
portion 2303. The invention may t>e appGed to ttie dis- 
play 2302 and other signal control circuits. 

5 [01 35] Fig. 1 1 E shows a player utilizing a recording 
medium on which a program is stored (hereinafter 
referred to as 'recording medhim) and which is formed 
by a main body 2401. a display 2402, a speaker portion 
2403. a reconfing medium 2404 and operation switches 

10 2405. This device utSizes a DVD (dgital versatile disc), 
CD or the like as tiie recording medium and can t^e used 
for enjoying music, movies and internet The invention 
may be applied to ttie display 2402 and other signal 
control circuits. 

IS [0136] Fig. 11 F shows a cfigital camera wtuch is 
formed by a main body 2501, a display 2502. an eye- 
piece 2503, operation switches 2504 and an image 
receiving portion (not shown). The invention may be 
applied to the display 2502 and other signal control dr- 

20 cults. 

[0137] Fig. 12A shows a ttont type projector which is 
formed by a display 2G01 and a screen 2602. The inven- 
tion may be applied to the display and other signal con- 
trol circuits. 

25 [0138] Fig. 12B shows a rear type prcjector whkih is 
formed by a main body 2701. a display 2702. a minor 
2703 and a saeen 2704. The invention may be applied 
to the display and other signal control circuits. 
[0139] Fig. 12C shows an example of a structure for 

30 the displays 2601 and 2702 in Rgs. 12A and 12B. 
respectively ri which displays 2601 and 2702 are 
formed by a Ught source optical system 2801. nrdrrors 
2802. 2805. 2806 and 2807. dichroic mirrors 2803 and 
2804, optical lenses 2808, 2809 and 281 1 , ik)utd crystal 

35 displays 2810 and a projection optical system 2812. 
The prelection optical system 2812 is constituted tiy an 
optical system including a prqection lens. While an 
example of a three-plate system utilizing tiiree iqud 
crystal displays 2810 is described in tiiis errixxliment, 

40 ttie invention is not limited thereto and. for example, a 
single-plate system may be used. A person who carries 
out tiie invention may provkJe an appropriate optical 
system such as an optical lens, a film having a polariz- 
ing function, a film for adjusting a phase difference or an 

4S IR film in the light path indicated by the arrow in Fig. 
12C. 

[0140] Fig. 12D shows an example of a structure of 
the light source optical system 2801 in Fig. 12C. In the 
present errt^odiment the light source optical system 

so 2801 is formed by light sources 2813 and 2814. a com- 
posite prism 2815, collimator lenses 2816 and 2820. 
lens arrays 2817 and 2818 and a polarizing conversion 
element 2819. While two light sources are used in the 
light source optical system shown in Fig. 12D. ttiree or 

55 four or even more light sources may be used and. alter- 
natively, only one light source may be used. A person 
who carries out tiie invention may provide an appropri- 
ate optical system such as an optical lens, a film having 
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a polarizing function, a film tor acQisting a phase differ- 
ence or an IR film in the light source optical system. 
(0141 ] As described above, the present invention has 
a wide range of application and can be used for elec- 
tronic equipments In any field. The configuration of an s 
electronic equipment according to the present embodi- 
ment may be any cont)ina1ion of the first through sixth 
emboefiments. and the embocfiments may be used in 
any combination. Electro-optical devices and semicon- 
ductor ctrciits according to the seventh through bAW' io 
enth emtxxiiments may also be freely combined. 
[0142] The present invention makes it possible to pro- 
vide TFTs having an LDD structure which has high 
reproductbflity. improves the stability of TFTs and pro- 
vides high productivity. is 
[0143] The use of the invention allows a user to fonn 
a desired LDD region on both sides or one side of the 
channel formation region of a TFT by determining the 
design for the second mask appropriately in accordance 
with requirements associated with the circuit configura- 20 
tion. For example, it is possSsle to fonn a first n-channel 
type TFT having a first LDD region with a width in the 
direction of the channel length in the range from 0.5 to 3 
^m and typically in the range from 1 to 2 ^m and a sec- 
ond n-channel type TFT having a second LDD region 25 
with a width in the direction of the channel length in the 
range from 0.3 to 2 ^ni and typically in the range from 
0.3 to 0.7 lUTx. 

[0144] The masks used to form an LDD structure can 
be used as they are as light-bloddng f 0ms. thereby pro- 30 
tecting the active layer especially the channel formation 
region from deterioration associated with light to 
improve reliability. TFTs can be manufactured in a short 
period of time by deleting the mask removing step. 
[0145] The use of the presertt Invention makes it pos- ss 
sible to form an LDD region with a number of masks 
(seven masks at the mtnirrum) as follows which is less 
than the number of masks required according to the 
prior art up to the formation of a source or drain elec- 
trode (eight masks at the minimum). 40 

Mask tto. 1 for forming gate lines 

Mask No. 2 for forming islands 

Mask No. 3 for forming a second mask 

Mask Na 4 for forming a doping mask to provide p- 4S 

type conductivity 

Mask Na 5 for forming contact holes for source and 
drain regions 

Mask Na 6 for farming a contact hole for a gate line 
Mask Na 7 for farming source and drain electrodes so 

[0146] Since the present invention can be carried out 
using a conventional production line for amorphous s3i- 
con TFTs as it is only by introducing several devices, 
there are industrial advantages. ss 
[0147] In adcfition. since masks serve as insulating 
films at intersedfons between gate Gnes and other fines, 
a line capacity can be reduced to inrprove the electrical 



characteristics of a TFT. 

[0148] By forming a gate insulating film arxi a semi- 
oonductorfilm into a multiqpGcity of layers without expos- 
ing them to the atmosphere, a quite dean interface can 
be provided between them. Especially, since such a 
configuratfon makes it possftsle to keep an interface 
between an active layer and a gate insulating film which 
determines the electrical characteristics of TFTs dean. 
TFTs having less variation and preferable electrical 
characteristics can be provided. 
[01 49] The threshold voltage wtvch is a typical pa^an^ 
eter of aTFT can be in the range from -0.5 to 2 V for an 
n-channel type TR and can be in the range from 0.5 to 
-2 V for a p-channel type TFT. A sub-threshokJ coeffi- 
dent (S-value) in the range from 0.1 to 0.3 V/decade 
can be achieved. 

Claims 

1 . A semiconductor device comprising: 

a gate line formed on an Insulating surface; 
a gate insulating film in contact with said gate 
line; 

a channel formation re^on formed over saki 
gate line with said gate insulatvig fOm inter- 
posed therebetween; 

a low density impurity region in contact with 

said channel formation region; 

a high density impurity region in contact with 

said low density bnpurity region; 

a protective film in contact with said channel 

formatfon region; and 

organic resin doped with a trivalent or pentava- 
lent impurity in contad with said protective film. 

2. A semicondudor dence according to daim 1 
wherein said gate line has a single-layer or miJti- 
layer structure and is made of one Mnd of element 
selected from among tantalum, copper, chromium, 
aluminum, molytxienum. titanium and silicon or a 
material primarily constituted by s3icon doped with 
a p-type or n-type impurity. 

3. A semicondudor device according to daim 1 
wherein said trivalent or pentavalent impurity is 
phosphorus or boron respectively. 

4. A semicondudor device according to claim 1 
wherein said organic resin has photosensitivity 

5. A semiconductor device according to claim 1 
wherein the density of said trivalent or pentavalent 
impurity in said organic resin is 1 X 10^^ atoms/cm^ 
or more. 

6. A semicondudor derice according to daim 1 
wherein a catalytic element for promoting the crys- 
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tallization of silicon is included in said high density 
impurit/ region. 

7. A semiconductor device accorcfing to daim 6 
wherein said catalytic element is at least one or a 
plurality of elements selected from among Ni, Fe. 
Co. Pt Cu and Au. 

& A semiconductor device accorcfing to daim 6 
wherein said catalytic element is Qe or Pb. 

9. A semiconductor device accorcfing to daim 1 
wheran semiconductor device indudes a semicon- 
ductor drcuit comprising a microprocessor, signal 
processing circuit or high frequency drcuiL 

10. A semiconductor device according to daim 1 
wherein SEdd semiconductor de/ice is an electro- 
optical device or electronic equf)menL 

11. A semiconductor device according to daim 10 
wherein said electro-optical device is a liquid crystal 
display, EL display, EC display or image sensor. 

12. A semiconductor device aocording to claim 10 
wherein said electronic equipment is a video Ccun- 
era. digital camera, projector, goggle type display, 
car navigation system, personal computer or per- 
sonal digital assistant 

13. A semiconductor detnce comprising: 

a gate line formed on an insulating surface; 
a gate insulating film in contact with said gate 
line; 

a channel formation region formed on said gate 
line with said gate insulating film interposed 
ther^etween; 

a low density impurity region formed on one 
side of said channel formation region; 
a drain region constituted tyy a first high density 
impurity region in contact with said low density 
Impurity region; 

a source region constituted l)y a second high 
density impurity region formed on the other 
side of said channel formation region; 
a protective fUm in contact with said channel 
formation region; and 

organic resin doped with a trivaient or pentava- 
lent impurity in contact with said protective film. 

14. A semiconductor device aocording to daim 13 
wheren said gate line has a single-layer or multi- 
layer structure and is made C3f one kind of element 
selected from among tantalum, copper, chromium, 
aluminum, molytxienum, titanium and sificon or a 
material primarily constituted by silicon doped with 
a p-type or n-type impurity. 



15. A semiconductor device accorcfing to daim 13 
wherein said trivaient or pertavalent impurity is 
phosphorus or boron respectively. 

5 16. A semiconductor de^ce accorcfing to daim 13 
wherein said organic resin has photosensitivity 

17. A semiconductor dence according to daim 13 
wherein the density of said trivaient or pentavalent 

10 impurity in said organic resin is 1 x 10^^ atoms/bm? 
ormaa 

18. A semicorxhictor dey/ice according to daim 13 
wherein a catalytic element for promoting the crys* 

IS tallization of silicon is induded in said high density 
impurity region. 

19. A semiconductor donee according to daim 18 
wherein said catalytic element is at least one or a 

20 plurality of elements selected from among Ni, Fe. 
Ca Pt Cu and Au. 

20. A semiconductor device according to daim 18 
wherein said catalytic element is Oe or Pb. 

25 

21. A semiconductor de^ce according to daim 13 
wherein semiconductor device indudes a semicon- 
ductor drcuit comprising a microprocessor, signal 
processing drcuit or hifi^ frequency drcuit. 

30 

22. A semiconductor de^ce according to daim 13 
wherein said semiconductor device is an electro- 
optical device or electronic equipment. 

35 23. A semiconductor de^ce according to daim 22 
wherein said electro-optical device is a Bquid crystal 
(fisplay. EL display. EC display or image sensor. 

24. A semiconductor de^ce according to daim 22 
40 wherein said electronic ec|uipment is a video cam- 
era, digital camera, prelector, goggle type display, 
car navigation system, personal computer or per- 
sonal digital assistant 

45 25. A semiconductor device conprising: 

a gate fine formed on an insulating surface; 
a gate insulating film in contact witti said gate 

tine; 

so a channel formation region formed over said 

gate line with said gate insulating film inter- 
posed therebetween; 

a first low density impurity regiori and a second 
low density impurity region in contact with said 
55 channel formation region; 

a high density impurity region on contact with 
said first low density impurity region and said 
second low density impurity region; 
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a protective fOm in contact with said channel 
formation region; and 

organic resin doped with a trivalent or pentava- 
lent inpurity in contact with said protective film, 
wherein the width of said first Im density impu- ff 
rity region in the drection of the channel length 
is different from the width of said second low 
density impurity region in the direction of the 
channel length. 

10 

26. A semiconductor device according to claim 25 
wherein said gate line has a single-layer or multi- 
layer structure and is made of one kind of element 
selected from among tantalunx copper, chromium, 
aluminum, moiytxlenum, titanium and sHioon or a is 
material primarily constituted by silicon doped with 

a p-type or n-type impurity. 

27. A semiconductor device according to daim 25 
wherein said trivalent or pentavalent impurity is 20 
phosphorus or boron respectively. 

28. A semiconductor device aocorcfing to daim 25 
wherein said organic resin has photosensitivity 

25 

29. A semiconductor device according to daon 25 
wherein the density of said trivalent or pentavalent 
impurity in said aganic resin is 1 X lO**^ atoms/cm^ 
or more. 

30 

30. A semiconductor device aoconSng to claim 25 
wherein a catalytic element for promoting the crys- 
tallization of silicon is induded in said Ngh density 
impurity region. 

35 

31. A semiconductor device acconfing to daim 30 
wherein said catalytic element is at least one or a 
plurality of elements selected from among Ni. Fe. 
Co. R. Cu and Au. 

40 

32. A semiconductor device according to daim 30 
wherein said catalytic element is Ge or Pb. 

33. A semiconductor device according to claim 25 
wherein semiconductor device indudes a semicon* 4S 
ductor drcuit comprising a microprocessor, signal 
processing drcuit or high frequency drcuit 

34. A semiconductor device according to daim 25 
wherein said semiconductor device is an electro- so 
optical device or electronic equpmenL 

. 35. A semiconductor device according to daim 34 
wherein said electro-optical device is a liquid crystal 
display. EL display. EC display or image sensor. 55 

36. A semiconductor device according to daim 34 
wherein said electronic equipment is a video cam- 



era, digital camera, projector, goggle type display, 
car navigation system, personal computer or per- 
sonal dgital assistant 

37. A method for manufacturing a semioonductor 
device comprising the steps of: 

sequentially forming a gate irtsulating film and 
an ir^tial semioonductor ffSm on an insiJating 
surface having gate lines formed thereon such 
that they are stacked without being exposed to 
the atmosphere: 

crystallizing said initial semiconductor film kjy 
irradiating it with infrared light or ultravfolet light 
to form a crystalline semioonductor fQm and an 
oxide film simidtaneously; and 
covering a region to become a channel forma- 
tion region of said crystaDine semiconductor 
tarn wHh a mask and doping a regfon to 
become a source region or drain region of said 
crystalline semiconductor film with a trivalent or 
pentavalent impurity elemem through said 
oxide film. 

38. A method acconfing to daim 37 further comprising 
the step of retaining a catalytic element for pronrxyt- 
ing the crystallization of silicon In contact with the 
surface of said initial semiconductor film or within 
said film after said step of forming the gate insulat- 
ing f ilm and the initial semiconductor film. 

39. A method according to claim 37 wherein contami- 
nants on the surface of on whidi said initial semi- 
conductor film is to be formed are reduced using 
active hydrogen or a hydrida 

40. A method according to daim 37 further comprising 
the step of forming a multi*layer film including a sifi- 
con nitride film as any of the layers as said gate 
insulatvigfPm. 

41. A method accordng to daim 37 further comprising 
the step of forming a multi-layer fflm induding ben- 
zocyclobutene as a part of said gate insulating film 

42. A method for manufacturing a semiconductor 
device comprising the steps of: 

sequentially forming a gate insulating fOm. an 
initial semiconductor film and an insulating fim 
on an insulating surface having gate lines 
formed thereon such that they are stacked 
without being exposed to the atmosphere: 
crystallizing said initial semiconductor film by 
inradiating it with infrared light or ultraviolet light 
through said insulating film to form a crystalline 
semioonductor film: and 
covering a regfon to tieoome a channel forma- 
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tion region of said crystaDine semiconductor 
film with a mask and doping a region to 
become a source region or drain region of said 
crystalline semiconductor film with a trivalent or 
pentavalent impurity element through said 5 
oxide fdm. 

43. A method for manufacturing a semiconductor 
device accoiding to daim 42 wherein said gate 
insulating film, said initial semiconductor film and 10 
said protective film are formed using different 
chambers. 

44. A method for manufacturing a semiconductor 
device according to daim 42 wherein said gate is 
insulating film, said initial semiconductor film and 
said protective film are tornied using the same 
chamber. 

45. A method for manufacturing a semiconductor 20 
device accoiding to daim 42 wherein said gate 
insulating film and said protective f Om are formed 
using a frst chamber and wherein said initial semi- 
conductor film Is formed using a second chamber. 

25 

46. A method according to daim 42 further comprising 
the step of retaining a catalytic element for promot- 
ing the crystallization of silicon in contact with the 
surface of said initial semiconductor film or within 
said film after said step of forming the gate insulat- so 
ing film and the initial semiconductor film 

47. A metiiod according to daim 42 wherein contami- 
nants on the surface of on which said initial semi- 
conductor f9m is to be formed are reduced using as 
active hydrogen or a hydrid& 

48. A method according to daim 42 further comprising 
the step of forming a multi-layer film induding a sili- 
con nitride film as any of the layers as said gate 40 
insulating film. 

49. A method accorcfing to daim 42 further comprising 
the step of forming a multi-layer film inducfing ben- 
zocydobutene as a part of said gate insulating film 45 
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